Mumps, a highly contagious, viral disease continues to spread in India, despite the availability of an effective vaccine. On November 24, 2014, we came across a suspected case of mumps in a 6-year-old boy in a village of Bhusandapur sector in Odisha. We initiated an outbreak investigation using standard techniques outlined by the Centers for Disease Control and Prevention, Atlanta, GA. This uncovered a silent epidemic of 94 case patients (10% of the population) over a period of 16 weeks between August and December 2014, in a single village, which had gone completely unnoticed by the existing health-care system. Since the index case was one of the last case patients of the outbreak, investigation for immediate control was not a priority. Hence, we have used this exercise to describe the outbreak and identify causes that led to its nondetection. Age range of the case patients was between 2 and 40 years; 85 (90.4%) case patients were ≤ 15 years of age and 54 (57.4%) were females. Average duration of illness was 9 days. No child had received the mumps vaccine. The outbreak had led to a community expenditure of 538 USD. The exercise uncovered a number of weak links in the essential public health services within the health-care delivery system in the area.
INTRODUCTION
Mumps, a highly contagious viral disease, continues to spread in India, despite the availability of an effective vaccine. 1 Although the disease is usually a self-limiting clinical condition mainly affecting children between 5 and 10 years of age, it can lead to serious complications such as meningitis (15%), pancreatitis (4%), and orchitis (20-30%) in postpubertal males, and encephalitis and abortions in pregnant women. It also results in significant loss of school days/working days; therefore, its prevention becomes imperative. Globally, 120 countries (62%) have included mumps vaccine in their national immunization schedule, but India is still not a member of this group. 1, 2 Other than vaccination, one of the prerequisites of a successful disease prevention and control program is a robust surveillance system. India has an Integrated Disease Surveillance Program (IDSP), a decentralized project through World Bank assistance operating for nearly a decade. 3 However, since reporting of mumps under IDSP is optional, a large number of outbreaks due to mumps might go unnoticed. In the recent past, very few research studies investigating mumps outbreaks have been published from India. 1 Thus, mumps-related disease burden data in India continue to be sketchy. If mumps is to be controlled, it is essential to detect the cases that occur, investigate, and report them. It is also imperative that health systems research be carried out at periodic intervals, so that specific weakness in the system can be detected and actions taken. Such improvements in the public health-care system would impact the control activities for other diseases too.
On November 24, 2014, we had a serendipitous encounter with a pediatric mumps case (Box 1) in our geriatric outpatient department at a rural primary health center (PHC). This prompted us to carry out a field inquiry in his village Tentuliapara. The village had 174 families and 946 people residing in overcrowded and poorly ventilated houses. We found clustering of similar case patients within the neighborhood during the preceding weeks, a phenomenon not recognized for nearly a decade, as per the local residents. The boy first brought the attention of the authors toward a waning, silent outbreak. Since he was a nonresident of the village, this set him up for infection late in the outbreak as a remaining, nonimmune person.
In this article, we describe the outbreak and the reasons for its late detection. We have carried out situation analysis by utilizing the essential public health services framework 4 and also identified the degree of improvement needed in each of the service components. Thus, we have explored the opportunity to use the health systems research in guiding future disease control activities in the region.
MATERIALS AND METHODS
Outbreak location. The outbreak occurred in Tentuliapara village of Odisha state, which is one of the 29 states in India. Odisha has a population of 41.9 million and is divided into 30 districts which are further subdivided into 310 blocks for administrative purposes. Each block is subdivided into sectors and every sector has group of villages within it. Tangi, one of the 10 blocks in Khurda District is divided into six sectors, and each sector has a PHC. The village is in the Bhusandapur sector of Tangi block. The Department of Community and Family Medicine at the All India Institute of Medical Sciences, Bhubaneswar, has adopted PHC Bhusandapur for providing once a week chronic care services to the elderly population and supporting the communitybased teaching and learning activity of undergraduate MBBS students. The sector covers 58 villages and a population of 57,000. The Bhusandapur PHC has one medical officer (MO) who sees about 60 patients every day and supervises seven frontline workers (FLWs) that include auxiliary nurse midwives (ANM) and multipurpose health workers. Every village is also served by an accredited social health activist (ASHA) worker who is in turn supervised by an ANM.
Clinical case definition, a case of mumps was defined as "any person who had acute onset of unilateral or bilateral tender, self-limited swelling of the parotid or other salivary gland, lasting two or more days and without other apparent cause." 5 Case patients were permanently classified as clinical mumps cases due to unavailability of laboratory facilities in the region to isolate the mumps virus or demonstrate antibody levels. Data collection. Two doctors (authors) trained in public health contacted the local ANM and ASHA workers to prepare a spot map of the area for carrying out house-to-house epidemiological investigation between November 26 and December 31, 2014. The authors interviewed the FLWs working in this village to assess their knowledge about the epidemiology of mumps and the response of the health system during the mumps outbreak. They also interviewed the household respondents (immediate caregiver of case patients) to collect relevant information about every mumps case, using a pretested epidemiological case sheet. Data gathered included demographic details of the household, the onset of disease, its duration, sequence of appearance of symptoms, past mumps vaccination history, treatment history, travel history, past mumps infection, knowledge of prevention and control, and contact history with any case of mumps infection. To capture information about mumpsrelated complications, the authors depended upon retrospective disease history during the survey and passive surveillance throughout the investigation period, which was 5 weeks. No further follow-up was possible after the end of the study period. All case patients were line-listed and census data of all the family members were collected. A search for new case patients was done through home visits during the investigation period. We tried to understand the social spread among the case patients by asking the possible source of infection in the community and classifying the known source as either a family member or neighbor.
A spot map depicting the exact geographical distribution of mumps case patients was prepared. After completion of all the interviews, necessary health advice for prevention and control of mumps was provided to all the family members. Two suspected case patients detected during the course of the study were referred to the nearby health center. The investigating team was vigilant for 6 weeks after the last case was detected (longest incubation period of mumps being 3 weeks) to determine whether the outbreak had subsided.
Ethical considerations. Verbal consent was taken from the participants prior to data collection, after explaining the purpose and nature of investigation. Confidentiality of the subjects was maintained. Approval of the institutional ethics board was not taken as it was an outbreak investigation.
Statistical analysis. Data were entered and analyzed in Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA). The outbreak has been described according to time, place, and person. Case patients beyond 15 years of age were classified as older individuals, considering the fact that it is primarily the disease of children below 15 years of age.
An epidemic curve was plotted to visualize the outbreak's magnitude and time trend. Categorical data were summarized using proportions; continuous data were summarized using means and standard deviations, median and interquartile range (IQR). Epidemiological links were derived through social links and respondents reported expected sources of infection in the neighborhood.
We also analyzed the health system using a framework for essential public health services/functions laid down by the Centers for Disease Control and Prevention, Atlanta, GA. 4 Based on the information obtained during the interview of caregivers of case patients and FLWs, and observations carried out by the investigators during the survey, we developed a concept diagram to explain various factors responsible for the outbreak. We then grouped these factors under each of the 10 essential public health services/ functions. Subsequently, we graded the level of improvement needed in each of these 10 functions using a color code, based on the findings of the study and consensus achieved after deliberation among the investigators using a marking scheme. Red (performance < 30%), yellow (performance ≥ 31%, < 50%), and green color (performance ≥ 51%) indicated maximal, moderate, and minimal improvement needed respectively, for each of the 10 functions within the framework.
BOX 1:
Index case of mumps with swelling of the left cheek Index Case: A 6-year-old boy, originally a resident of the Khejuria village of Puri District of Odisha (60 km east from the study site), came to visit his maternal uncle on November 14, 2014, in the Tentuliapara village, Tangi block, Khurda District, Odisha. On November 24, 2014, the child, accompanied by his mother, visited the Bhusandapur Hospital of Tangi block with a history of swelling and pain of the left cheek for 3 days and fever for 7 days. The swelling was mainly present behind the angle of the left jaw and was tender on palpation. The child also had a history of difficulty in swallowing. The child was managed with nonsteroidal antiinflammatory drugs and advised home isolation. He fulfilled the World Health Organization clinical case definition of mumps. The follow-up indicated that the child improved completely after 8 days of illness.
RESULTS
Our investigation revealed that 94 (9.9%) people in the village satisfied the clinical case definition of mumps during the outbreak period. Minimum and maximum ages of the case patients were 2 and 40 years, respectively. Nine case patients were women in the reproductive age group (25-40 years) and the rest were children below 15 years. Median age was 8 years (IQR: 5-10) Overall, 54 (57.4%) were females. All case patients except the index case were permanent resident of the village Tentuliapara.
The case patients reported with fever and predominantly bilateral parotid involvement (Table 1) . Sixteen percent of the subjects had multiple salivary gland involvement for prolonged duration, of which 80% were older individuals. The mean duration of illness was 9.5 ± 1 days. None of the case patients reported any complications based on retrospective disease history at the time of the survey and also throughout the study period. Only 2% of the overall population could recollect past history of mumps in their childhood.
The disease outbreak had started around the second week of August 2014 and continued up to the first week of December 2014. The epidemic was at its peak during the second week of September. The distribution of case patients over time showed that the outbreak was continuous in nature and lasted for 16 weeks. Our index case (Box 1) had suffered during the downslope and the outbreak almost ended by that time (Figure 1 ).
Most case patients had clustered around the two ends of the village. These were the locations having households with large joint families and a large number of susceptible children (Figure 2 ). Proportionately, more females were affected (57.4%) and females also had a higher attack rate (12.3/100 people). All case patients above 15 years of age were the caregivers of the children (mothers). As expected, the 5-to 10-year age group had the greatest number of cases (48% cases). Among children (< 15 years), one of five boys and one of three girls each were found to be sick with mumps indicating an explosive spread of this virus in this age group. (Table 2) .
We could trace the epidemiological link in 72 case patients. Of these, 54% seemed to have contracted the illness from within the home environment. Here, the rate of exposure could be higher due to overcrowding and the joint family settings. The rest either acquired the illness while playing in the community (39%) or in the school settings (7%) (Figure 3 ).
The policy development component of essential public health services was assessed by studying the treatmentseeking behavior of the case patients, which is reflective of the information, education and empowerment functions, and community-mobilizing activities (Figure 4 ). Of the 94 case patients, 51 (54%) reported to a MBBS doctor for treatment and spent an average of Rs 365 (∼6 USD) for treatment that lasted for around 6 days. Four of five such case patients were seen in a public health facility within 1 km (31 case patients) to 12 km (11 case patients) radius. Of the rest, 25 case patients (27%) were treated by a resident pharmacist from the Bhusandapur PHC during odd hours and this cost them average Rs 420 (∼7 USD) as he mainly prescribed costly antibacterial agents. Others sought advice from school teachers or unqualified practitioners (quacks). Eighty case patients (85%) were prescribed drugs from the allopathic system of medicine followed by homeopathic in nine case patients (10%) to gain relief from the symptoms. The remaining five case patients (5%) resorted to a local home remedy in the form of applying "banyan tree oil," "salt and oil," etc.
We tried to find out whether the adult family members in the village knew about the various measures that could be undertaken to either contain the spread of the illness or prevent it. Only 64 (37%) of 174 people available for interview knew the importance of isolation, but they also expressed that in an overcrowded setting of their village it was impossible to prevent children from mixing with each other and none were aware about mumps vaccine. Understandably, in the absence of inclusion of mumps vaccine in the national immunization schedule, the coverage of mumps vaccination was zero.
The assessment domain of the essential public health services framework was analyzed by obtaining information through interviews of FLWs. The village health worker claimed that they had not seen any case of mumps in the village for nearly a decade. However, the very deficiency of surveillance as elaborated further in this article would argue against the reliability of any FLW to have appropriately recognized the disease. The FLWs were unaware of the explosive spread of mumps as they had not regularly visited the houses during the peak of the epidemic due to time constraints and work overload. They had also ignored the few sporadic cases that came to their notice as they were not aware that it was an outbreak-prone condition. According to them, antibiotics were the mainstay of treatment and that this illness usually occurred during the summer season. They were not aware of the mumps vaccine and felt that perhaps the measles vaccine could also protect from mumps. There were no facilities in any of the public health centers in the state of Odisha for confirming the existence of mumps using either serology or virus isolation techniques.
Under IDSP, usually a rapid response team stationed at district level carries out an immediate outbreak investigation to control further spread and prevent recurrence of outbreaks. Here, as mumps was never reported through the existing IDSP surveillance system, no such response was possible.
DISCUSSION
The epidemiology of mumps during this outbreak was similar to that reported elsewhere in India 1 and during the prevaccination era in developed countries. 2 The fact that five generations of transmission had already occurred and the epidemic was almost over by the time it was detected implies that most of the key components of the essential public health services were hampered. Since the outbreak was missed by the existing health system in the area, we decided to identify the factors that led to its nondetection and assess the level of health system preparedness to deal with such situations in the future. These factors have been presented as a concept diagram (Figure 4 ) within the framework of 10 essential public health services used internationally to assess the performance of public health systems. 4 The P form 3 under IDSP that captures information on various epidemic-prone diseases does not include mumps. However, this list can be extended based on the requirements of individual states. The IDSP unit in Odisha has not included mumps in their P form, which was one of the most important reasons why this outbreak was perhaps missed as it was not perceived to be a notifiable disease. Further, the FLWs were not adequately trained in the epidemiology of mumps due its low priority, and therefore they never attempted to either investigate or notify the outbreak. Their lack of knowledge stopped a series of activities that could have been initiated to control the outbreak, namely, organize community efforts to mitigate the situation, sustain information education communication activities to promote effective isolation and quarantine, prevent case patients from visiting unqualified practitioners, opting for mumps vaccine for the susceptible contacts, etc. This perpetuated the transmission cycle. Besides these, overcrowding and unhygienic surroundings made matters worse.
Countries using the mumps vaccine in their national immunization schedules have demonstrated reduction in attack rates due to mumps (< 5%). 6 A single dose of measles, mumps, and rubella vaccine (MMR) vaccine can be administered to a susceptible during an outbreak. 7 The cost of one MMR dose is around Rs 76.5 (1.2 USD). 8 We found that the entire community spending as out-of-pocket expenditure during this outbreak was around Rs 34,275.9 (538 USD). Instead, if they had purchased the vaccine, the cost for the entire community could have dropped by 35%. Currently, in India, there are mixed opinions regarding inclusion of mumps vaccine in the national immunization schedule. 1, [9] [10] [11] However, these decisions have to be based on reliable surveillance data, capturing the true disease burden. Reliability of the data generated through IDSP, in its current format, is highly questionable and its improvement is possible only through health systems research. 12, 13 Unless notification of mumps is made mandatory and data are analyzed as per WHO guidelines for surveillance of mumps, it is difficult to determine the cost-effectiveness of MMR vaccination or any other public health intervention. 4 We could not do any laboratory confirmation of mumps infection due to lack of facilities in the public sector in Odisha.
In India, very few public health facilities routinely process samples for presence of mumps virus. In a study by Mishra and others, genotyping and subtyping of mumps virus isolates during an outbreak investigation in Chandigarh revealed circulation of subtype G2 of genotype G in the community. 14 Creating such infrastructure which is locally accessible is necessary to further strengthen the surveillance activities.
There is a shortage of competent health workforce, particularly in rural areas throughout India as well in Odisha. [15] [16] [17] [18] [19] As per the Indian Public Health Standards, a PHC MO is expected to see around 40 patients daily and each PHC should cater to a population of up to 30,000. 20 Only then can one expect the MO to devote at least two additional hours per day, twice in a week for field duties and monitoring. At our study site, the doctor saw 60 patients per day and had scanty staff for double the population expected to be served for providing community-based public health services. Thus, the MO was clearly overburdened and could not devote sufficient time for training and preparing his team for averting or managing outbreaks. Similarly, the FLWs were engaged in multiple programs that included preventive and curative service delivery, maintenance of records, administrative matters, etc., and are seldom able to effectively carry out surveillance activities in their catchment area. Health systems research, use of time-motion studies, and effective applications of health management principles could possibly resolve some of these issues. 21, 22 In our study area, due to the unavailability of 24 × 7 medical care, 43% of people had to depend on pharmacists, school teachers, or unqualified practitioners for dealing with mumps. This trend is worrisome and might need a multipronged approach, including filling up of vacant posts in the PHC, enforcements of laws to prevent unqualified practitioners from misleading people, training of FLWs in prehospital care and appropriate referral, improving the health literacy of the community members, mobilizing partnerships with selfhelp groups for promoting healthy behavior, etc.
Nearly 57% of case patients visited a medical doctor during this outbreak. Even then the system could not recognize the outbreak. The existing health information management system (HIMS) especially for surveillance of communicable disease in most parts of India including Odisha is in stage 1, that is, paper-based collection of data and reporting of aggregate data which are not amenable for any detailed and prompt analysis required for timely action. At times, the health workers are required to collect up to 3,000 data points of questionable quality, with manual entry across seven layers of government. 23 Since analysis is manual, it is not amenable to trend analysis. For effective monitoring and evaluation of health programs, major reform in the HIMS in India is necessary. 24 This would include transition to higher stages of HIMS by simplifying indicators and reducing duplication (stage 2), electronic storage and reporting (stage 3), introduction of operational information technology systems as a source of data for health information system (stage 4), and finally achievement of an end state of a fully comprehensive and integrated national health information system (stage 5).
CONCLUSIONS
Important lessons could be learned about the health system through this outbreak investigation. There is a need to improve the surveillance mechanism for better evidence generation and timely action, and to influence the policy decision of including MMR in the national immunization schedule. Continuous campaigning to improve the health literacy, particularly by engaging community partners will help reduce the burden of frontline health workers. Optimum utilization of management principles in health will improve the work efficiency. Besides, training of all involved in the surveillance system to deal with outbreaks and prevent their occurrence is of utmost importance. The Essential Public Health Service framework has enabled us to categorize the deficiencies in the health system effectively. The identification of level of improvement needed in each of the service areas might further prompt appropriate intervention to strengthen the health system and reduce the number of occurrences of various outbreaks in the future. However, the success of such analysis remains to be seen.
